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Abstract

Sandfly has a long history of association with humans, which still are suffering from its harmful impacts. It
parasites humans and other animals and acts as a source of nuisance and annoyance to them. The present
bibliographical study explains the role of Sandfly as a disease vector of Leishmaniasis. This article highlights various
aspects of the life of the vector which includes its general description of morphology, biology, life cycle, and major
control strategies. Regarding to control strategies of the vector, it was reviewed that chemical control is the most
common and efficient technique but sensitivity to is decreasing due to increased insecticide resistance and
environmental constraints. This article also highlights the different types of Leishmaniasis and symptoms, treatment,
mortality rate and species diversity of Sandfly in Pakistan.
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Introduction (Leishmaniasis and Sandfly as Vector)
Leishmaniasis is found every continent except for Antarctica and

Australia. Sandflies are the carrier of lashmaniasis; affecting human
health in more than 90 countries in the subtropics, tropics, and
southern Europe [1]. It is more common in rural areas as compare to
urban ones. This disease is more common in male adults [2].
Leishmaniasis disease is trasnmited by the Phlebotomine flies, genus
phlebotomus in the wew world and Lutzomyio in the old world. The
vector of this disease belongs to the order Diptera, class insecta,
Family: Psychodidae [3]. Sandfly is about 3 mm in length,
characterized as “hopping” flight. They have dark and large eyes, long
antennae the mouthparts are oriented downward, dagger shaped and
short, the legs are delicate and long [4].

This disease is cause by 20 Leishmania species by the bite of female
sandflies. Thirty species of sandflies are the vector of disease. Their
reservoir hosts are humans and wild or domestic animals. Female
Sandflies feed on reservoir hosts and get infected [5]. This parasite is
transmitted through the use of infected syringes from infected
individuals. The common species of Leishmania are L. chagasi,
L.infantum and L. donovani [6]. There has been chance of increase in
Leishmaniasis in the last two decades due to the migration of people
towards urban area [7]. Through travelling, Leishmaniasis spread in
people which are living in non-endemic areas.

Habitat and flight range
Sand flies are nocturnal and sensitive to dehydration. They shelter in

caves, rocks, animal burrows, tree holes and human rooms or
accommodation. They fly close to the ground in short hops (jumps)
therefore they are called weak flyers. Their flying range is 300 m but in
deserted environments some species can travel up to 2300 m [8]. Due
to short range of flight, adult stay near to the larval developmental site.
Flies in the New World are found near tree holes and caves [9].
Lutzomyia shannoni in the United States was found in hardwood forest

and meadow. In the Old World sand flies are found associated with
contaminated soils of animal shelters, rodent burrows and termite
mounds, also in the earthen floors of human habitations [10].

Feeding behavior
Male and female sandfly feed on nectar from fruits, flowers and

plant juices. Carbohydrates are the source of energy. Female flies suck a
blood meal to complete the development of egg batches. Some species
of sandfly are autogenous, these species lay butch of eggs without first
feeding on blood, female species of sandfly are the disease causing
agents [11]. Most anthropophilic (blood sucking arthropods) sand flies
bite people outside their tents, houses and accommodation [12].

Growth and development of Sandfly
Sandfly requires 28 degree centigrade temperature and 40%

humidity for growth and development. In laboratory, these flies take
20-40 days to complete the life cycle. The sandfly shows
holometabolous metamorphosis (egg, larva, pupa and adult). They can
laid between 30 to 70 eggs. Within 1-2 weeks, they hatch. Larvae feed
on dead organic matter. Pupal development is completed in 5 to10
days. Before the sun rising adult emerge from pupa, during day time
sandfly cannot survive in dry environment so, resting at humid sites.
At night this fly drops the ambient temperature and become active by
increasing the humidity [13].

Diagnosis
Due to high specificity, parasitological diagnosis remains the gold

standard in leishmaniasis diagnosis. Conventional techniques like
microscopy and culture still the standard approach for the diagnosis of
leishmaniasis at primary health levels in areas of endemicity, because
more sophisticated techniques like molecular diagnosis are currently
expansive and rarely available [14].

Visceral leishmaniasis are commonly diagnose through serological
approaches; identification of antibodies in the serum.
Immunochromatographic dipstick tests and freeze dried antigen based
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direct agglutination test have high specifity, sensitivity and easy to use,
require minimal laboratory setup [15].

Morphologically identical species can be differentiated with
molecular techniques such as PCR, isoenzymes, etc. Sibling species of
sandflies can be identified by polymerase restriction fragment length
polymorphism (PCR-RFLP) of the 18S rRNA gene. PCR is a powerful
tool for research on sandfly species and the relationship between
Leishmania species and their vectors [16].

The infection of sandflies with Leishmania can also be examined by
dissecting an individual under a microscope. Fresh specimen should be
used. The expertise and skills are needed for the study of small size
individuals. This process takes long time, large numbers of individuals
have to be examined to obtain data for each area, and the rate of
infection of sand flies with Leishmana is generally low 0.01-1% [17].

To identify Leishmaniasis infections in experimentally infected and
field captured phlebotomine sandflies molecular techniques are used
such as PCR-RFLP, KDNA-PCR, flurescent quantitative PCR and mini
exon PCR. Real time PCR also used to detect the sandfly infection of
Leishmania [18-20].

Sandfly and Leshmania Life Cycle
In infected host, the ingested amastigotes (protist cell, non-motile)

transform into promastigotes (external flagellum) in the blood meal of
different hematophagus arthropods. If the host is unsuitable, than
parasites passed out with the feces [21] Leshmania species and other
trypanosomatids attached to the parasites on the midgut epithelium
[16] during digestion of the blood meal, theparasite is retained in the
gut and starts a stage differentiation [22]. In next phase promastigotes
move to the cuticle lined foregut of the sandfly. In the foregut some
attach and some remain free for next transmission by bite [23] into the
vertebrate host.

Figure 1: Leishmaniasis life cycle. (http://www.niaid.nih.gov/topics/
leishmaniasis/pages/lifecycle.aspx).

In the alimentary tract of the sandfly, promastigotes multiply by
binary fusion. After 7 days promastigotes undergo metacyclogenesis
and become infectious (metacyclic promastigotes). When the sandfly
poke the skin with its proboscis during feeding, metacyclic
promastigotes are released into the host together with saliva (Figure 1).
In host macrophage, meatamorphose into the amastigote form. By
binary fission, they increase in number within the phagolysosome until
the cell bursts and infects other phagocytic cells. In this way the cycle
continues.

Forms of Leishmaniasis Disease
There are four major forms of Leishmaniasis

Cutaneous leishmaniasis

Visceral leishmaniasis

Diffuse cutaneous leishmaniasis

Mucocutaneous leishmaniasis

Cutaneous Leishmaniasis: It is characterized by skin ulcers, lesions
may be associated with sporotrichotic (fungus infection). After being
bitten, people develop skin sores a few weeks to months. In the old
world this disease is caused by L. tropica, L. aethiopica and L. infantum
and in New world by L. guyanesis, L. Mexicana and L. braziliensis
[16,23]. There are two epidemiological forms of cutaneous
Leishmaniasis which are arthroponotic: cutaneous Leishmaniasis and
zoonotic cutaneous Leishmaniasis. The main reservoir hosts are
humans and rodents. The main vector in arthroponotic cutaneous
leishmaniasis and zoonotic cutaneous leishmaniasis are P. sergenti and
P. papatasi [23-25]. The infection manifests mainly on adults and
young children [26].

Visceral Leishmaniasis: This is the most severe form of the disease
also known as Kala azar (black fever) caused by L. donovani and if left
untreated are always fatal and mortality rate is 100%. Symptoms of the
disease are weight loss, fever (within several weeks or months),
hepatomegaly, splenomegaly, pancytopenia, anaemia and
lymphadeopathy. This disease is most common in developing countries
[6,27]. It is distributed worldwide in both the old and new world. The
occurrence of visceral leishmaniasis can also be influenced by
environmental changes such as incursion of agricultural farms,
urbanization and settlements into the forest areas. The distribution of
parasites also is affected by humidity, atmospheric temperature, land
degradation, global warming and rainfall [28]. Clinical diagnosis of
visceral leishmaniasis is complex because its feature are shared by host
of other disease such asthphoid, malaria and tuberculosis. Diagnosis of
this disease is in vitro culture and DNA of parasites can be detected in
tissue samples (blood or urine). Visceral leishmania caused by L.
donovani complex and L. infantumespecially [29]. Visceral
leishmaniasis is anthroponotic (disease causing agents carried by
humans to other animals) in transmission [30].

Diffuse Cutaneous Leishmaniasis: This disease is characterized by
many non-ulcerative skin lesions on the entire body. These lesions
contain vacuolated, infected macrophages with only few lymphocytes
present. It is wide spread, similar to lepromatous leprosy lesions [31].
The uncontrolled parasite growth results from lack of cell mediated
immunity to leishmanial antigen [32].

Mucocutaneous Leishmaniasis: After the onset of cutaneous
leishmaniasis, mucocutaneous leishmaniasis occurs and it is
characterized by the destruction of pharyngeal and oral- nasal cavities
Genetic factors are also important in the incidence of this disease. The
initial symptoms of mucocutaneous leishmaniasis are not severe with
stuffiness and nasal inflammation, but slowly perforation of the
septum and ulceration may occur. The lesion expands to the larynx,
gums, pharynx, soft palate and face [33]. Bones are not affected due to
bacterial infections untreated disease may lead to diarrhea, pneumonia
and tuberculosis [34]. Death may also occur due to malnutrition
(difficulty in swallowing), lung infections, and suffocation (due to
closure of laryngeal aperture) [35].
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Mortality Rate
Leishmaniasis currently is threatening about 350 million people in

endemic areas. Global there are 10 to 12 million cases [36-38]. A most
recent study indicates that 50,000 deaths occur each year [36].

Sandfly in Pakistan
According Durrani et al. [13] conducted a study from May 2007 to

June 2008 and recorded the sandfly fauna in four region of Pakistan.
They collected 20,683 sandflies which belong to the genus
Phlebotomus. No sand flies were recorded in Eastern Pakistan.

Durrani et al. [13] collected the following species:

P. papatasi

P. major

P. bergeroti

P. alexandri

P. orientalis

P. longipes

P. sergenti

P. pedifer

Endemic areas for the disease vector, described by Bhattacharia et
al. [39] were Swat and Gilgit, Lasbela, Rawalpindi, Abbottabad, Chilas,
Skardu, Mansehra, Chitral, Dir, D.G. Khan, Rajanpur, Quetta,
QilaSaifullah, Qila Abdullah, Pishin, Larkana, AzadKashmir and
Dadu. These areas are the North, West and South Western Pakistan. Ali
et al. [40] confirmed that south-eastern areas of Pakistan are non-
endemic.

Sandfly Control Techniques
Sandfly control is similar to that used for mosquito because both

vector share similar characteristics. Bacillus sphaericus is use to control
sandfly larvae. In this innovative technique, bait-fed adults were used
to carry the bacterial control agent to larval habitats, resulting in larval
mortality in burrows up to 10-30 m away from the baited solution [41].

Insecticides
Spray of insecticides on burrows, walls and humans

accommodation. The first insecticides use to control sandfly was DDT
(dichlorodiphenyltrichloroethane) and it was sprayed in India, Brazil,
China, Soviet Union. It caused reduction in population of sandfly, but
there was no direct impact on disease control [42]. From the Middle
East, study of four species of sand flies indicates that malathion and
DDT less toxic than the newer pyrethroid insecticides [43].

In 1958 and 1970 there was program to control visceral
leishmaniasis in Bihar (India). No visceral leishmania disease was
reported during these years but at the end of this control program,
disease resurface. Antimalarial programs reduce the population of
sandfly in Iran, Bangladesh, Peru and Italy. But this did not reduce
leishmaniasis [42].

Following insecticides are currently use to control sandfly [44]

Talstar P® (bifenthrin, NSN 6840-01-525-6888)

Aqualure® 20+20 (permethrin, PBO; NSN 6840-01-606-8581)

Demon® WP (cypermethrin, NSN 6840-01-390-4822)

Demand® CS (λ-cyhalothrin, NSN 6840-01-428-6646)

Pestabs® (λ-cyhalothrin, NSN 6840-01-431-3357)

Habitat modification and pesticides
Habitat modification such as ploughing or flooding in the host

ecosystem reduces the sandfly density. Pesticide application is effective
to control the density of sandflies if target sites are known. But this
application is not sustainable, limited by resources and time [21].

Treatment of Leishmaniasis
For all four major forms of Leishmaniasis chemotherapy is effective.

Certain factors compromise chemotherapeutic options such as toxicity,
costs, complicated and long term regimens “establishment” [45,46].
Many drugs are also use to get recovery from Leishmnaisis.

The eradication of this disease will be achieved through vaccination
[47]. Bacon [48] describes that if population of Venezuela, Peru,
Colombia, Ecuador, Mexico, Brazil and Bolivia were vaccinated
through vaccine than it would provide ten years of protection,
41,000-144,000 cases of cutaneous leishmaniasis could be averted, and
this would be lower cost than other treatments. Vaccine provides 5
years of protection and 50% efficacy [48]. In Bihar State similar study
for visceral leishmaniasis also confirmed the cost effectiveness of
vaccine [48]. The development of vaccine is under processing.

Conclusion
Leishmaniasis occurs due to sandfly species that feed on human and

other reservoir hosts. Young children and male adults are mostly
affected. Each year millions of deaths occur due to this disease. Waste
openly disposed is the major factor for attracting the vector [49-52]. It
is concluded that vector and parasites have adaptability to spread in
new environments such as urban and suburban areas. Migration of
people from rural to urban areas increases the risk of leishmaniasis.
Slow progress has been made on the development of a vaccine. The
development of vaccine has proven a challenging and difficult risk due
to inadequate knowledge of the parasite pathogenesis and complexity
of the immune response. Sandfly population should be controlled to
prevent Leishmaniasis. There is lack of information and interest to
evaluate the significance of Sandfly control in disease control. This is a
neglected disease due to limit resources for diagnosis, treatment and
control in developing countries.

Recommendations
Following are some suggestion to control the vector and

Leishmaniasis:

• To get protection from sandflies keep the environment clean.
• Use bed net to protect yourself and use pyrethroid-containing

insecticide.to spray the bed net
• Uses of insecticides to control sandfly.
• Do not expose the skin, wear long sleeved shirts.
• Use insect repellent on exposed skin.
• Waste should not be openly disposed.
• Drug treatments are expensive, poor people cannot afford. Drugs

are also toxic and have numerous side effects.
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• To control this disease efficacious vaccine is needed. Vaccines are
well tolerated, safe and immunogenic. Vaccines effective in
treatment and prevention of different form of leishmaniasis.

• If Leishmaniasis symptoms appear it is important to consult a
physician immediately without wasting time.

• There should be need to develop public awareness about this
vector.

• There should be need to aware people about this vector.
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